Selective pulmonary angiography was performed using a flow-directed, balloon-tipped catheter in 20 consecutive intensive care unit patients requiring heart catheteriza tions on the right side for hemodynamic monitoring. No morbidity was encountered from this procedure. Ade quate quality balloon-occlusion angiographs were ob tained with a portable chest roentgenogram in 17 (85 percent) but appeared normal in only 12 (60 percent The flow-directed, balloon-tipped catheter was first describedby Swan et al6in 1970.The relative simplicity and safety of the procedurehas ledto its acceptanceand enabledpulmonary artery catheteri zation to be performed at bedside in the intensive care unit (ICU) for monitoring of pulmonary ar terial and pulmonary wedge pressures in the critical ly ill patient.68
Wilson and Bynum9 recently described a very selective pulmonary angiographic techniquewithin jection of contrast material distal to occlusion of a lobar or segmental vessel with a balloon-tipped, flow directed catheter. They demonstratedthe superior ityof balloon-occlusion angiographyin comparison to standard pulmonary angiography in obtaining better image quality, definition of vessels, and vis ualization of small pulmonary emboli.
We undertook a prospective study of 20 patients intheICU who required heartcatheterization on the The angiograms were examined for vascular detail, and diagnostic categories defined as follows: (a), normal, com plete visualization of all branches; (b), equivocal, uneven vessel opacification without distinct defects or cut-offs, â€oe¿ prun ingâ€•of vessels, or complete absence of one or more small branches without a definable cut-off; and (c), defect, pres ence of intraluminal filling defects and/or abrupt vessel termination.
RESULTS
Results of the balloon-occlusion angiography in the 20 patients are shown in Table 1 and sum marized in Table 2 . Monitoring of vital signs, symp toms, physical findings, and roentgenographic changes disclosed no morbidity from this technique. Film quality was adequate in 17 (85 percent) of 20 patients using a 14 X 17 inch portable chest roent genogram. Poor quality was obtained in three (15 percent) of 20 of the films, preventing any reason able interpretation of vessel location or patency. We were able to identify the position of the cathe ter tip in relation to the zone model of the lung (West etal'1) in 17 out of 20 patients. Ten patients (50 percent)had the catheter tipclearly locatedin zone III. Six patients (30 percent) had the catheter tipclearly inzone I;thecatheter tipwas relocated in these patients. The location in two (10 percent) could not be determined because of inability to identify the specific segment opacified. There were no roentgenographic signs which would suggest that the segmental anatomy was distorted or out of nor mal position in any of these 20 cases.
Balloon-occlusion angiography was interpreted as demonstrating a definite defectin threepatients (6, 8, and 20) in whom pulmonary embolizationhad not previously been suspected (Fig 2) . Standard pulmonary angiography was performed within 36 hours of the balloon-occlusion angiography in two of these three cases (8 and 20) with no defects being demonstrated. Autopsy correlation was available on patient 6 whose balloon-occlusion angiogram was interpreted as having a defect. Autopsy was negative for emboli but at two months postangiogram. This finding would suggestthatthe intraluminal defects noted were probably not due to a pulmonary em bolus in two of the three patients designated as having defects.
Equivocal films were &btained on two (10 per cent) of the 20 patients, and no standard angio graphic or autopsy correlation was obtained. A nor mal film (Fig 3) was obtained on 12 (60 percent) of the 20 patients. Correlations were obtained in five of these 12 patients. Standard angiography was normal within 24 hours in patient 10. Autopsy within 48 hours was normal in patients 1 and 19. Autopsy at two months was also normal in patient 7. Patient 13, with negative occlusion angiogram, was found at autopsy, one month later, to have an organized pul monary embolus in the same anatomic distribution asopacified by thewedge angiogram.
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Reason forLocation ofSubject Diagnosis CatheterizationCatheter (Zone) tamed with minimal equipment and no morbidity. The opacified segment was identified in the majority of cases, and ifthe catheter tipwas anterior to the level of the left atrium, the catheter was relocated to permit better monitoring of filling pressures. Intra luminal filling defects were noted in three of the films, but cautionmust be exercised in interpreting the defects demonstrated by this technique, since in none of the cases was an embolism confirmed.
It became obvious when comparing the serial angiographic studies with the balloon-occlusion an giogramsinpatients 8 and 20 thatone of our origi nal criteria for an abrupt cut-off of a pulmonary vessel was not adequate for the diagnosis of a pul monary embolism. The pulmonary angiograms dem onstrated that during the early serial filming, an 
DIscussIoN
We have described a prospective study of 20 crit ically ill patients receiving heart catheterization for hemodynamic monitoring in whom we performed balloon-occlusion angiograms with a portable chest roentgenogram.
With few exceptions, this technique providedadequate filmqualityand was performed with ease in the ICU setting.
Tooker et al'2 recently reportedthatthe pulmo nary wedge pressure readings obtained in zone I or II of West's zone model of the lung may not ac curately reflect left atrial pressure during positive end-expiratory pressure ventilation because alveolar pressure exceeds pulmonary venous pressure, and the vascular segment downstream from the catheter tip would be without perfusion. We were able to demonstrate the position of the catheter tip in rela tion to these physiologic zones in the supine posi tion by our technique (Table 2) . On two occasions, we were unable to determine accurately the position of the catheter tip in relation to the left atrium. In thesecases, the catheter was locateddistally in the artery, and we could not accurately determine with an anteroposterior chest roentgenogram whether it was situated in segments above or below the left atrium.
An oblique or lateral view13 may obviate thisproblem.On thewhole,this procedurecan pro vide aid in the assessment of the position of the catheter tip in relation to the physiologic zone, and thereby render credibility to the pressure readings obtained during positive end-expiratory pressure ventilation.
In three cases, the suspicion of pulmonary em bolism was suggested, using the single film balloon occlusion technique.
In our critically-ill patients, good quality segmental angiograms could be ob A positive diagnosis can be made if a lucent defect were present which was surrounded by contrast ma terial around and beyond the defect. Therefore, the criteria for pulmonary embolism in a singlefilm studyaredifferent from serial filming. These patientshad selective balloon-occlusion wedge injections performed allowing visualization of a total of one or two segments. Although these views were unequivocally abnormal in some in stances, the procedures were considered incomplete because of the inability to visualize other areas. Further studies, including standard angiography, are indicated whenever the suspicion of pulmonary embolism is raised and the clinical setting supports such suspicion. The potential of this technique in the diagnosis of unsuspected pulmonary embolism in the critically-ill patient remains to be explored fur ther, especially in light of contrasting incidences of pulmonary embolism reported in the intensive care patient.1@6
Foote et al,'7 in a review of the pulmonary com plications of the flow-directed, balloon-tipped cathe ter, described two cases in which venous thrombosis developed around the catheter tip with embolization distal to the catheter. Further data are needed on the incidence of these embolic complications. Peri odically, an angiogram such as we have reported, could be performed to identify the position of the catheter tipand thecharacter ofthedistal vessels.
We have described an intensive care application of a previously described angiographic technique. In our critically-ill patients, good quality segmental an giograms could be obtained with minimal equip ment and no morbidity. The segment opacified was identified in the majority of cases, and if the catheter tip was anterior to the level of the left atrium, the catheter was relocated to permit better monitoring of filling pressures.
